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SUMMARY 

The tobacco hornworm {ProUrparce sexta (Johan.)) is one of the 
most common and destructive pests of tobacco in the United States. 
Undoubtedly the greater part of the $25,530,000 estimated annual 
damage to the tobacco industry brought about by hornworms is 
caused by this species. In the southern cigar-tobacco district it has 
been recognized as a pest of tobacco at least since 1850. It is par- 
ticularly injurious to cigar-wrapper and cigar-binder tobaccos, since 
the holes eaten in the leaves greatly reduce the quality of the product. 

Wild host plants of the larvae are of little importance in the area, 
and tobacco is the preferred cultivated host. Host plants of adults 

1 Submitted for publication September 22, 1944. 
2 Transferred to the Division of Insects Affecting Man and Animals, April 20, 1942. 
3 The writers are indebted to A. W. Morrill, Jr., formerly of the Quincy, Fla., field 

laboratory, for developing part of the equipment and technique used in these investiga- 
tions. Acknowledgment also is due W. D. Reed, of the Stored Tobacco Insects Laboratory, 
Richmond, Va., for helpful suggestions ; and Lucian L. M. May, field aide, for performing 
many of the arduous tasks in connection with the field work. Appreciation should be 
expressed for the cooperation of the North Florida Agricultural Experiment Station, 
and for the kindness of a number of the local tobacco growers in granting permission 
to conduct observations in their fields. 
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include a number of night-blooming flowers with tubular corollas. 
The adults are active only at night and remain concealed during 

the day. Observations indicate that they mate only once. Feeding has 
been observed to precede oviposition under cage conditions. Experi- 
ments conducted in 1940 show that oviposition can take place in the 
absence of all food but that feeding increases the rate of oviposition. 

Oviposition records from 164 captive females ranged from 1 to 
1,133 eggs per female, with an average of 254. The seasonal average 
for females completing the larval period in the field was 255 eggs 
in May, 355 in June and July, and 198 in August and early Sep- 
tember. The ratio of the number of eggs deposited (in cages) on the 
lower surface of the leaf to the number deposited on the upper 
surface was approximately 2 to 1. The preoviposition period aver- 
aged 1.8 days, the oviposition period 6.4, and the postoviposition 
period 1.5. 

Under field conditions the number of eggs deposited on individual 
plants during the entire growing season ranged from 0 to 74, the 
largest and most vigorous plants receiving the most eggs. The ratio 
of the number of eggs deposited on the lower surface of the leaf to 
the number deposited on the upper surface is approximately 4 to 1, 
and practically no eggs are deposited on the stems of the plants. The 
greatest numbers of eggs are deposited on the upper third of the 
tobacco plant. There is no significant difference between the number 
of eggs deposited at the edges and the number deposited at the center 
of an open field of tobacco. This is true also of the number of eggs 
deposited adjacent to and at a distance from woods or other cover. 

Heavy rains accompanied by lower temperatures reduce the num- 
ber of eggs deposited. No evidence was obtained of any relationship 
between moonlight and the oviposition rate. 

In 5,630 observations, the average incubation period was 4.9 days. 
No relationship between humidity and the length of the incubation 
period was noted, but there is a high inverse correlation between 
temperature and the length of the period. 

Only 79 percent of the eggs deposited in cages were observed to 
hatch, whereas 95 percent of those collected from the field hatched. 

Measurements of the area of tobacco leaf eaten show that there 
is an enormous increase in food consumption during the larval period. 
The size of the larva also increases greatly, almost doubling in each 
instar. The length of the larval period, as determined from 1,308 
observations, ranged from 13 to 44 days, with an average of 20. 
The average length of the instars was as follows: First instar 3.4 
days, second instar 2.9, third instar 3.0, fourth instar 3.9, fifth instar 
^,^^ and sixth instar 5.7. The normal number of instars is 5. There 
is no direct relationship between humidity and the length of the 
larval period, but there is a high inverse correlation between tem- 
perature and the length of the period. The length of the larval 
period averaged 3 days less under field conditions than it did in the 
insectary. 

The average depth of pupation, as determined from 1,491 obser- 
vations, was 5.5 inches. The length of the prepupal period ranged 
from 3 to 8 days in 2,727 observations. The length of the pupal 
period ranged from 14 to 738 days, with an average of 137. The 
l^ercentage of individuals surviving hibernation ranged from 20 to 



BIOLOGY OF THE TOBACCO HORNWORM ö 

53. The indications are that even the lowest winter temperatures 
of the area have no effect on winter mortality. 

The total length of the developmental period ranged from 33 to 
441 days, with an average of 162 days, but pupation records from 
seasonal-history cages indicate that in a limited numb;>r of cases the 
developmental period may require about 21/2 years. 

The average life of the female is approximately 2 days longer than 
that of the male. 

Approximately 48 percent of the adults observed were females. 
The earliest appearance of adults in the spring is usually from 

the middle to the latter part of Ai)ril, while the latest occurrence 
in the fall is from the latter part of October to the first of November. 
The latest individuals recorded are usually in the egg or larval 
stages. 

Three complete generations and one partial generation a season 
are known to occur, and it appears that under favorable conditions 
four generations may be completed. 

The seasonal abundance of all stages usually reaches a peak during 
July. This is followed by a sharp decrease about the first of August; 
from then on, very few individuals are present. An unseasonable 
reduction and termination of adult emergence is responsible for this 
scarcity, and the result is that there is a close correspondence between 
the seasonal history of the hornworm and the tobacco-growmg 
season. 

Predaceous wasps {Polistes fuscatus (F.) and P. fu^catus var. 
metricus Say), a small green spider {Peucetia viridans (Hentz)), 
and a small plant bug {Oyrtopeltis varians (Dist.)) attack the eggs 
and larvae. A number of common birds also attack the larvae, and 
the pupae are eaten by skunks and moles. The principal ])arasite is 
a fly {SturmiaprotoparciH (Towns,)). Apúnteles congrer/aim (Say) 
is of minor importance, although it is the most important ])artisite 
in other areas. A bacterial disease, apparently caused by Hacdllu^ 
sphingidiH (White), is sometimes prevalent. None of the natural 
enemies of the hornworm are of nnich value in direct control, but 
they do keep the population within certain limits. 

INTRODUCTION 

The tobacco hornworm {Protoparce sexta (Johan.)) is one of the 
most common and destructive pests of tobacco and tomatoes in the 
United States and is particularly harmful when it attacks cigar- 
wrapper tobacco. 

Intensive biological studies on the insect were conducted at Quincy, 
Fla., from 1936 to 1941, inclusive. The main purpose of these inves- 
tigations was to obtain information which might be of value in 
improving existing control measures against this pest. Although the 
data were affected by climatological and other factors existing in 
the area, in general the information obtained is applicable wherever 
this insect is a tobacco pest. This bulletin contains the complete 
results of the investigations, together with data accumulated by the 
junior author over a period of approximately 20 years prior to 1936. 
A preliminary account of the studies was published in 1938  (iP).^ 

* Italic numbers in parentheses refer to Literature Cited, p. 50. 
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Numerous references to the tobacco horn worm occur in the eco- 
nomic and taxonomic literature, but little has been published pre- 
viously on its biology. Papers dealing largely with this subject 
have been written by Al wood (i), Garman and Jewett (6). and 
Gilmore (8), 

HISTORY AND ECONOMIC IMPORTANCE 

The original home of tlie tobacco hornvvorm appears to have been 
South America and, according to Webster (^.9), the diffusion north- 
ward probably took place either through the Windward and Leeward 
Islands and the West Indies, or through Panama, Honduras, and 
Cuba to Florida, and through Central America and Mexico to the 
western part of the United States. Its importance as a tobacco pest 
probably antedates the written history of the Western Hemisphere, 
since Garner et al. (7) state that tobacco was being grown from 
Canada to southern Brazil at the time of the discovery of America. 

That the tobacco hornworm was well known to the colonial tobacco 
planters of Virginia and Maryland is shown by the frequent ref- 
erences to damage and control methods w^hich appear in the early 
writings on tobacco culture. Although there is no way of determining 
from these references whether Protoparce sexta or the closely related 
tomato hornworm {P, quinquemaculata (Haw.)) w^as the species 
involved, it appears safe to assume that a large share of the damage 
w^as being caused by P. sexta. Probably the earliest official recog- 
nition of hornworm damage to tobacco is contained in the First 
Maryland Inspection Law, October 1640, which is quoted by Wyckoft* 
{31^ f, 52) as follow^s: "Bad tobacco shall be judged ground leafes 
(Second Crops leafs)  notably brused or worm eaten." 

The majority of the earliest references to the tobacco hornworm 
by economic entomologists appear in the publications of Walsh and 
Eiley during the period from 1865 to 1893. 

Stoutamire (25) states that tobacco has been cultivated in Florida 
for more than 100 years, and according to Tisdale (26) the industry 
reached considerable importance in Gadsden County during the 
period from 1830 to 1860. Commercial cultivation was almost dis- 
continued for about 25 years following the Civil War, but a revival, 
made possible mainly by the development of artificial shade, took 
place in 1896, and production has been continuous since that date. 

The recognition of the tobacco hornw^orm as a pest of tobacco in 
this area as early as 1850 is indicated by Glover (10, p. 66), who 
reports that about that time tobacco growers near Mount Pleasant, 
Fla., were placing cobalt in the blossoms of jimsonweed (Datura 
stramonium L.) to destroy the adults. The species became such a 
pest of tobacco in the State by 1895 that a study of this and other 
tobacco insects was undertaken by Quaintance (22). 

The economic importance of the tobacco hornworm as a pest of 
tobacco is intensified by the fact that the leaves eaten are tlie market- 
able portion of the crop. Thus damage through loss in weight is 
to be expected, and in the case of the cigar-wrapper and cigar-binder 
types a further reduction in value results from the presence of the 
holes eaten in the leaves, since this lowers the quality of the product. 
Hyslop   (H, p. J^5)   estimates the annual  damage to the tobacco 
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indnstrv in tlic T'nited States by I'lofopai-rc xr:rfa ¡iiid /'. //ahujue- 
„niriihita at ai)i)r().\iiuately u^iià.iVJd.l)()(). and iindonhtedly P. .fea-ta is 
rfsi)(nisil)l(" for tlie frrcater ¡¡oi-tioii of this (laiiiM>;v. I)ania<rt' to 
toinatoi's, t'fífíplants, peppers, and potatoes also adds materially to tlie 
total losses caused by this i)est. 

It would be pi-actically impossible to piodiice the opeii-lield types 
of tobacco without employinjr the most rifioroiis control measures 
a^'aiiist this ])est (li^'. 1). The cloth walls and tops of the shade 
sirnctiires nsinilly ali'ord a certain dejiree of protection to ci}iar- 
wrapper tobacco by preveiitin<r the entiance of ovii><)sit iii^^ females 
from outside areas. However, even in liie siiade lields it is necessary 
to devote much e.xpense and effort to hornwoim control. 

I'liiCKK 1.—<'ÍKar-l(iiul(T toliiicco (liiiiiMKcd li.v llic lohücco lioiiiwunii. 'I'lir lilut 
on tlic riftlit was tn'iit<'il willi iiiscctifldcs on ;i n'sniliir sclicdiilc tlirotigliüiit 
the season; the pl<it <>ii the left w.is :iii iiiilrcjilcil cliccU. 

DISTRIBUTION 

The tobacco liornwonn occurs over the };ieater part of I lie I nited 
Stilles, the AVest Indies. Mexico. Central .\merica. and parts of 
South -Vmerica. The extreme northern and southern limits of its 
7-au<re are found  in southern Canada and southern  Brazil. 

Information obtained thr()uj:li correspondence witii .Stute ento- 
molofiists and from records compiled by the Insect Pest Survey of 
the I'nited States Department of A{j;ricultiire indicates that the 
species has been reported from every State in the Union with the 
exception of Colorado. Montana. AVashin<rton. and Wyomiiiijr, and 
a detailed survey would doiditless i-eveal its presence in these States 
also. 

In Mexico, I'rot o parce sexta has been recorded froiu Cordoba, in 
the State of A'eracruz: Lampazos, in the State of Nue\o Leon; and 
.Mazathin, in the State of Sinaloa, but accordiiifjr to lloffniaini {Li, 
p. JI7) it occurs throughout the entire country.   In tiie Went Indies 
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it is known to occur in Barbados, Cuba, Jamaica, Puerto Rico, 
Dominican Republic, Trinidad, and the Virgin Islands. In Central 
America it is recorded from Nicaragua and Panama, and in South 
America from Brazil, Ecuador, and Uruguay. It also is reported 
to occur on the Island of Bermuda, and occasional specimens have 
been recorded from southern Ontario. 

Rothschild and Jordan (^/^, p. 68) recognize four distinct geo- 
graphical races or varieties: Protoparce nexta sexta (Johan.) from 
Canada to Honduras westward to the Paciñc, P, sexta jamaicensis 
(Butler) from the West Indies, P. sexta paphus (Cramer) from 
Costa Rica to Argentina, and P. sexta caestri (Blanchard) from 
Chile. 

Individuals apparently have become localized in the southern 
cigar-tobacco district, as there is no evidence of migration into or 
out of the area. 

SYNONYMY^ 

The tobacco horn worm has been treated in the literature under a 
number of scientific names. The species was originally described as 
Sphinx sexta by Johansson {15^ p. 27) in a thesis presented before 
the medical faculty of the Royal Academy, Uppsala, Sweden. The 
following year it was redescribed by Linnaeus (77, p, 31^6) as Sphinx 
Carolina^ and this specific name has persisted until comparatively 
recent times. A list of the original synonymy is as follows : 
Sphinx sexta Johansson, 1763 Sphinx aflicta Grote, 1865 
Sphinx Carolina Linnaeus, 1764 Sphinx lycopersici Boisduval, 1875 
Sphinx paphus Cramer, 1779 Sphinx tahaci Boisduval, 1875 
Sphipx caestri Blanchard, 1854 Protoparce griseata Butler, 1875 
Sphinx nicotiane Ménétries, 1857 Protoparce jamaicensis Butler, 1877 
Sphinx eurylochus Philipp!, 1860 

Much confusion has arisen with respect to the correct generic 
name of the species, some writers placing it under Phlegethontius 
and others under Protoparce. 

The genus Sphinx was erected by Linnaeus {16^ p, ^89) and in- 
cluded all the then-known forms belonging to the present families 
Sphingidae, Aegeriidae, and Pyromorphidae. The genera Phlege- 
thontius and Gocytius were erected by Hühner (i^, p. IJfO) in 1819 
as divisions of the original genus. In this division jatrophae (F). 
was included under Cocytius^ and cluentius (Cramer) under Phlege- 
thontius, The proper separation of species would have placed both 
in the same genus. Rothschild and Jordan {23., p. 52) cite antaeus 
(Drury) (with jatrophae as a synonym) as the type of Gocytius. 
While antaeus was not originally included in the genus by Hübner, 
jatrophae was included and should be considered as the designated 
type. In the same paper Rothschild and Jordan cite cluentius as 
the type of Phlegethontius^ and as cluentius and jatrophae are con- 
generic they suppress Phlegethontius as a synonym of Gocytius. 
In 1856 Burmeister {2) erected the genus Protoparce for rustica 
(F.), which he redescribed, and he also listed five other species as 
belonging to the new genus. As none of these species are congeneric 
with rustica., all authors, so far as is known, consider this species as 

5 Prepared with the assistance of Carl Heinrich and J. P. Gates Clarke, of the Division 
of Insect Identification, Burean of Entomoloj^y and Plant Quarantine. 
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llie type of Proto¡Hir('C Fiirthernioiv. HiitliT (.;. p. (KM!) detiiiitely 
r\\i's' riixflcd ¡IS llic tvpt' of tlu> «reiiiis. Tlu'refore, since nexfa is 
corijrt'iii'i'ic willi riistii-ii il slioiiltl l)c |)l;i(t'(l under I'lotdjiarce. 

DKSCHII'TION OF THK STAÍÍKS 

THK E<;(; 

Tlio efífí ( tijr. -l) is nsiiiilly oval, iiltiioiijiii slijilit vurisitions occur 
iiiul some e<rfis may he nearly s|)lierical. The surface is smooth, and 
I he color varies from lifiht ^reen. when first de]>()sited. to yellow, and 
tinallv to white just prior lo iiatchinji. The aveia<:e len<çth is ahout 
l.."( mm. and the avci-ajre width al)onl  l.-J") mm. 

FKMKK   'J.—KKKS   and   newly   liatclieil   hu-vae   of   llie   iolia<(i>   lioinwonii   on   a 
l(iliacci) leaf. X 4.    (IMioln li.x   .1. I!. I'lall.l 

THE LAK\ A 

The larva ( fi<«-. ;>) has a cylindrical hody. whicl\ is densely covered 
with line hairs. Hitiiifí mouth ])arts are present in all instars, and 
(here are three pairs of true lejrs on the thoracic sef^ments and a 
l)air of prole<rs on the third, the fourth, the fifth, the sixth, and the 
List ahdominal sejrments. The prothoi'ax hears one ))air of s])iracles. 
and there are eijrht additional pairs on the first ei<rht ahdomimil 
.scfrment.s. The ei<rhth abdominal sejiinent is tipped with a dorso- 
caudal horn, which is nearly as lon^^ ¡is the hody of the newly 
hatched larva, haviiif;-attained its full len<ith at that time. The hoin 
is ahnost scarlet  in the nialnre lar\a. 
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Newly liiitclu'd liuv:u' ¡ire ycllowisli white, but after ii sliort period 
of Iccdiiijí till' color chancres to lijrlit «rreeii ¡md llie sejrments are 
dciiiarkcd In faint wliile lines. Faint oMiipie. wiiile stripes on tlie 
caudal i)(M-tions of tlie pleura lirst appear in tlu' second instar, and 
I lie black stripes associated witli tlieni become visible in tlie third 
instar.   The whitish tubercles on the dorsal surface of the body also 

I'lCIHK l''illl-yi-ii\vii   lai-v;i  cif ilic idli.-iccu iKiriiucinii.   Naliiral size. 

beio listiiK-t   ill  the third  inslai'. and the spiracles are apparent 
to the unaided eye. The obliiiiie. black and white stripes on tlie 
pleura become very distinct in the fourth instar, and I lie general 
color and a|)|)earaiice closely resembles that of the fnll-ij:rown larva. 

The full-<irowii larva is "usually jrreeu, with seven obiiiiue. black 
and white stripes on each side of the first seven abdouiinal .se<iments. 
However, considerable variation in the body coloriu<r occufs, al- 
thoii^di tlie St lilies usually remain constant. Coloration varyinjr all 
the wav from jiiven tlir()ii<rli various shades of dark irreeii to blai-k 
has been observed. In some cases tin- body may be covered with 
alternating, narrow. Iilack and lijrht-j:reen bands, jrivinjr the larva 
a dark-firay appearance. The head ca|)sule in such individuals is 
black. iiiarke(Lwith line, white spots, and the .spiracles are surrounded 
with li<ilit-brown aivas. A few specimens have been observed with 
bodies almost completely black. s])iracles bordeivd with ]nnk. and a 
narrow pink strijie associated with each of the obli(|ue white stripes 
oil the pleura. Similar color variations in the larvae of (S/i/iln.r) 
l'rol(>¡>iircf (¡uiiiqneindcitlatd are discussed by  liintner  {IS, [>. d.'iS). 

THE PUPA 

The pupa (fi<r. 4) is of the obtecl type, with the tonjiue case bent 
sharply backward, the tip touchin-r the sternum about one-third 
of the distance from the base to the end of the abdomen. The winjiS 
e.xtend about one-half the distance to the posterior end of the body. 
\\'hen first formed, the pnpal case is bri<rht yellowish green, but 
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duriiif^ the succeediii":: 24 lioiirs tliis color cliaiifíes to lifrlit brown, 
iind usually at the end of the second day the final dark brown has 
been assumed. 

FuiiiiK 4.—I'll])!! (if Ihc Idbiiccii liniiiworiii. X 2. 

THE ADULT 

The adult (fig. 5) is a moderately lar<ie niotli with a wing expan- 
sion of from 76 to 127 mm. The «ieneral coloi' of tlu- dorsal surface 
of the body and forewings is dark brownish gray. 'I'he thorax is 
marked with several white spots, which are ringed with black. 'I'he 
forewiiigs have a somewhat variegated ap])earaiice, owing to the 
présence of a iiuml)er of wavy, dark-brown, transverse bands. 'I'here 
is a broiid wiiite spot at tiie i)ase of eacli forewing. anil a smaller 
white spot at the end of each discal cell. 'I'he outer margins of the 
forewings are fringed with siiort. dark-brown scales, among which 
several tufts of white occur. 'l'iu> hind wings are darker, and are 
traversed by a number of broken, oblicpie ci-oss bands of white and 
dark-brown scales. A short fringe of whitish scales occurs on the 
outer margins. This fringe is spotted with brown. 

KuunK ."i.—.Ailiilr (if llic l(il)iiccii iKiniWdiiii.   X;iliiriil size. 
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Two lateral black spots occur on the dorsal surface of the base 
of the abdomen, and the six succeeding segments are marked with 
six pair's of orange spots. These become progressively smaller toward 
the tip of the abdomen, and each pair is associated with a pair of 
median white spots. The number of orange spots is not always con- 
stant, and occasional specimens have five pairs instead of the normal 
six. j . 

The ventral surface of the wings is light brownish gray and is 
crossed by a few bands of darker brown. The ventral surface of the 
body is gray, with three or four median, dark-brown spots on the 
abdomen. The palpi' and the ventral surface of the thorax are 
heavily clothed with long hairs. . 

The males are usually smaller than the females, but are similar 
in appearance, the main apparent structural difference being m the 
antennae. The antennae of the male are much larger and more com- 
plex than those of the female. 

RELATED SPECIES 

Tlürty-ñve species are listed in Lepidopterorum Catalogus {£8, 
pp. 32-U) under the genus Protoparce, and five of these are native 
to the United States. However, only Protoparce sexta^ P. rustica^ 
and P. quinquemMculata occur in the southern cigar-tobacco district. 
Protoparce occulta (Rothschild and Jordan) is recorded from Texas 
and Arizona, while P, hronUs (l)rury) is supposed to occur m south- 
ern Florida. ,    T   i        ..i 

The adult of Protoparce rustica is a large, heavy-bodied moth 
with a wing expansion of about 121 mm. In general color the 
body and wings are dark brown, spotted with white, the white 
markings forming a definite wavy pattern toward the outer margins 
of the forewings. From 6 to 10 orange-yellow spots occur on the 
sides of the abdomen. The ventral surface of the body is almost 
completely white. The appearance of the larva is unknown to the 
writers. Food plants of the species are listed as Bignonia, etc. (^, 
p. 609). Only a few adults occur each season. 

The tomato hornworm {Protoparce quinquemaculata) is often con- 
fused with the tobacco hornworm, since their appearance, habits, and 
food plants are similar. These two species, however, are readily dis- 
1 inguishable. The adult of P, quinquemaculata is ashy gray, and 
there are five pairs of orange-yellow spots on the sides of the body, 
instead of six as in sexta. The tongue case of the pupa is longer in 
quinquemaculata, and in the larva each of the eight oblique stripes 
on the sides of the body joins a horizontal stripe at its lower end, 
forming a series of Vs. Also, the posterior horn on the larva is 
black, instead of red as in sexta,   

Protoparce quinquemaculata is more northern in its distribution, 
its range extending from southern Canada to the southern part of 
the United States. In Canada and the northeastern part of the 
United States it is an important pest of tobacco, but its abundance 
decreases the farther south it occurs, and it is of no economic im- 
portance in the southern cigar-tobacco district. Trapping records 
from 1987 to 1940, inclusive, show that over nine times as many P. 
sexta adults were captured as adults of P, quinquemaculata. Further- 
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more, thousands of larvae were collected in the field each season, 
but only an occasional larva of P, quinquemaculata was found, 
indicating that the species does not breed readily in this area. This 
conchision is substantiated by the fact that no eggs could be obtained 
from a number of caged pairs. It appears, therefore, that the 
southern cigar-tobacco district represents the southern limits of the 
range of P, quinquemaculata. However, Hoffmann (i^, p, 217) states 
that it occurs in the northern and central parts of Mexico. Quain- 
tance {22) states that in the Florida Agricultural Experiment Sta- 
tion collection there were six times as many P. sexta (P. Carolina) 
as P. quinquemaculata {P. celeus), 

HOST PLANTS 

So far as known, larvae of the tobacco hornworm in the district 
under consideration feed only on plants belonging to the family 
Solanaceae. 

During the seasons of 1937, 1938, and 1939 observations were made 
to determine the extent to which the tobacco hornworm occurs on 
wild host plants in the area. The plants examined included jimson- 
weed (Datura sp.), groundcherry {Physalis angulata L.), black 
nightshade {Solanum nigrum L.), and horsenettle {S. carolinense 
L.). It was found that, with the exception of jimsonweed, all the 
plants were extremely scarce. The average number of eggs per 
plant was only 0.26, and larvae were found on none of the plants 
except jimsonweed and horsenettle. Furthermore, not a single record 
was obtained of a larva completing its development on any of the 
plants. These records show that the importance of wild host plants 
in the biological complex of the species in the southern cigar-tobacco 
district is practically negligible. 

Tomatoes, eggplants, peppers, and potatoes are among the culti- 
vated Solanaceae other than tobacco attacked by hornworm larvae. 
Potatoes are produced on a number of acres in the vicinity of 
Quincy, Fla., but the crop is planted during the fall and winter, 
and usually reaches maturity just after the beginning of the horn- 
worm season. Tomatoes, eggplants, and peppers are grown com- 
mercially on a limited acreage, and a few plants are produced for 
home consumption. 

General observations and records made during the seasons of 
1936, 1937, and 1938 indicated that tobacco was greatly preferred 
as a host plant over tomatoes, eggplants, and peppers. This was 
shown by the comparative numbers of eggs deposited on each type 
of plant. In 1940 an experiment was conducted in which 15 plants 
each of tobacco, tomato, eggplant, and pepper were grown in the 
same field. The eggplants and peppers were transplanted early 
enough so that they would mature at the same time as the tobacco 
and tomatoes; consequently, the foliage of all the plants was in 
approximately the same condition throughout the deposition period. 
Egg counts were begun on May 30 and concluded on August 10. 
The total number of eggs on each type of plant was as follows: 
Tobacco 677, tomato 141, eggplant 216, and pepper 168. This shows 
that tobacco is about three times as attractive as eggplant, and about 
four or five times as attractive as tomato or pepper. 
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The adult tobacco hornworm feeds on a number of night-blooming 
flowers with tubular corollas. Feeding on the blossoms of the 
following plants has been recorded during the course of these inves- 
tigations : Jimsonweed {Datura sp.), petunia {Petunia sp.), four- 
o'clock {MirahiliH jalapa K)? evening-star {Nicotiana alata yar. 
grandiftora Comes), tobacco {JSÍ. tabacum L. and N. reparida Willd. 
ex Lehm.), swamp lily {Orinum sp.),^ and mimosa {Albizzia 
julibrissin) (Willd.) Durazz.),"^ an ornamental tree which was natu- 
ralized from Asia, according to Small (^^, p, 653). 

In addition to several of the above plants, Gilmore (<9, p. 709) 
records feeding on flowers of western catalpa {Catalpa speciosa 
Warder), wild potato vine {Ipomoea pandurata (L). G. F. W. Mey), 
trumpetcreeper {Bignonia radicans L.), common evening-primrose 
{Oenothera hiennis L.), day lily {Hermerocallis sp.), mallow {Hibis- 
cus lasiocarpus Cav.), honeysuckle {Lonicera sp.), and hollyhock 
{Althaea rosea  (L.)  Cav.). 

CONDITIONS AFFECTING THE INVESTIGATIONS 

Although the life history, habits, and seasonal abundance of the 
tobacco hornworm, as related in this bulletin, were influenced by the 
conditions existing in the vicinity of Quincy, Fla., where the studies 
were made, in general the data are applicable wherever the insect is 
a pest of tobacco. Quincy lies in the southw^estern part of the 
Florida-Georgia tobacco-growing area, which is referred to in this 
bulletin as the southern cigar-tobacco district. In most of this area 
the flue-cured cigarette type of tobacco is grown, but in this district, 
which covers the greater part of Gadsden County, Fla., and adjoining 
Decatur County, Ga., cigar types of tobacco have been of major im- 
portance. During 1941 {27) about 4,000 acres of tobacco w^as grown 
under cheesecloth or lath shades for use as cigar wrappers, with a 
farm value of over 2 million dollars, while on more than 1,000 acres 
cigar-binder tobacco and some cigarette tobacco was grown in open 
fields. 

The southern cigar-tobacco district lies in the Gulf Strip of the 
Lower Austral life zone, as established by Merriam {21). The tem- 
perature is neither extremely high in summer nor exceptionally low 
in winter, while the annual rainfall is sufficient to maintain a rather 
high humidity during the greater part of the year. The normal rain- 
fall is 54.02 inches annually, and the normal mean temperature is 
67.60^F. The temperature and precipitation were about normal dur- 
ing 1936 and 1939, whereas 1937 was characterized by an excess rain- 
fall of 12.15 inches, 1938 by a deficiency of 12.17 inches, and 1940 
by an abnormally cold winter. 

Most of the soil of Gadsden County is classed by Henderson {11) 
under the general heading of Norfolk-Red Bay and Marlboro-Green- 
ville groups. The chief cigar-tobacco soils under these general groups 
are the Orangeburg and Magnolia series, and it is in such soils that 
most of the pupation of the tobacco hornw^orm occurs. In the Orange- 
burg series the first layer of 4 inches consists of brownish-gray to 

^ Determined by Erdman West, Florida Agricultural Experiment Station. 
^ Determined  by   F.   J.   Hermann,   Bureau  of   Plant   Industry,   Soils,   and   Agricultural 

Engineering, 
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grayish-brown loamy sands. The next layer of 12 inches is composed 
of yellow to brownish-yellow loamy sand, and the subsoil is red 
friable sandy clay. In the Magnolia series the soil is similar, though 
somewhat thinner, and the subsoil is heavier. 

LIFE HISTORY AND HABITS 

ACTIVITIES OF THE ADULTS 

The adult of the tobacco hornworm is active only at night. Obser- 
s^ations under cage conditions indicate that there are two periods of 
activity, the first being from about 7:30 to 9 p. m. and the second 
from about 4:30 to 5 :30 a. m. These periods correspond roughly to 
the hours of evening and morning twilight. However, records were 
obtained of adults remaining active all night in the field. This agrees 
with the observations of Gilmore (8), 

The moths are strong fliers, but flight is erratic, and no great dis- 
tance is covered in a straight line. Gilmore (8) reports that the 
maximum distance covered was 11/4 miles, and this was recorded on 
the second day after release. 

Almost immediately after taking flight in the evening, the adult 
begins feeding, and observations have shown that under cage condi- 
tions feeding always precedes oviposition. Experiments to determine 
the effect of food on the oviposition rate were conducted during the 
season of 1940. Four large, cloth-covered cages were used in these 
studies, and the food conditions were varied as follows : Cage 1, jim- 
sonweed blossoms plus dextrose-water solution; cage 2, jimsonweed 
blossoms ; cage 3, water ; cage 4, neither food nor water. Oviposition 
records were obtained from a total of 30 females, this number being 
divided as equally as possible among the four cages. The average 
oviposition rate was 221 eggs in cage 1, 290 in cage 2, 164 in cage 3, 
and 161 in cage 4. This shows that while feeding tends to increase 
the rate of oviposition, females are able to oviposit even without 
food or water. 

Mating occurs while the moths are at rest on some support. As 
soon as union is completed, the pair face in opposite directions and 
hang vertically downward, the female being above and the male 
below. One pair remained in coitus for 4 hours and 55 minutes. Mat- 
ing was observed only twice during the course of the investigations. 
The comparatively few times that mating has been observed and the 
rather prolonged period of coitus leads to the conclusion that it 
occurs only once during the life of the adult. The indications are 
that mating usually takes place about 11 p. m. on the day of 
emergence. 

Cage observations indicate that practically all oviposition takes 
place before 9 p. m. Oviposition occurs while the female is poised 
over the tobacco leaf, this position being maintained partly by cling- 
hig to the leaf with the legs and partly by a rapid motion of the 
wings, the tip of the abdomen being curved forward and upward 
at the same time (fig. 6). 

Adults remain hidden during the daytime in some secluded spot. 
It has been the belief that such shelter is sought against the bark of 
trees.   This is probably true, but repeated examinations  (from the 
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ground level) of various types of trees adjoiuiiifi open fields of 
tobacco have failed to reveal the presence of a single individual. 
Occasionally a niotii was found on tlie under side of a tobacco leaf, 
and even more rarely on a cornstalk, but the diurnal hiding place of 
the majority of indivichials was not  discoxeivd. 

I'louRE (i.—ïoliacco honiworm ovipositing ou a tottacco plant. 

OVIPOSITION UNDER CAGE CONDITIONS 

Oviposition studies were conducted from 1936 to 1!)39, inclusive, 
by recoi-ding the number of eggs obtained daily from mated females 
conhned to clotli-covered cages. The cages originally constructed 
for this purpose were grouped in a rectangular block, (^loth parti- 
tions divided liie block into 12 compartments, each (i|/. by (i feet by 
(»1/2 feet, and a canopy of dark cloth suspended I'w ft^^^t above the 
top shielded the interior from the direct rays of the sun (fig. 7). A 
wooden post about 8 feet high was fixed in the center of each cage, 
and a small cylindrical tin can with holes punched in the cover was 
placed on the top of each post. These tins were kej)t full of fresh 
water, and every evening jimsonweed blossoms were phicecl in the 
holes in the covers. To provide aflditifmni noiiiislimeiit. a few drops 
of dextrose-water solution  (1 gni. of dextrose to 20 ml. of water) 
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were placed in eueli blossom. ( )vi|)osilioii stiiiiiiliis wiis proviilcd by 
one or two potted tobacco ])limts in eacli ciij^e. Tlie majority of tlie 
cfífís were deposited on tiiese plants. altlioii<^h occasionally some were 
placed on the sides of tiie feedinji' tins oi' on tlie toi)s and walls of 
I lie ca<ies. 

Observations soon showed that these cages were not satisfactory. 
The interioi-s were so small that the moths spent a large part of the 
lime lliey were active trying to escape, and tlie ])()tted tobacco 
plants apparently did  not   attain  snllicieiit   vigoi- anil  sncciilence to 

i'lGiRK 7.—Small group enges used in civiiwisition studies on the tobacco linrnudiiii. 

fiirnish the proper oviposition stimulns. To remedy this situation, 
six largei' individnal cages wei^e constructed prior to the 1!);>7 season. 
These cages were 14 by 14 feet by !) feet (fig. <S), and eacii contained 
Iwo tobacco plants gi-owing in the soil of the bottom of the cage, 
'{"he feeding ai'i-angements and the method of obtaining the ()vi])osi- 
(ion records wei'e the same as those employed in the smaller cages. 

Normally, a pair of moths was i)laced in each cage, but occasion- 
ally several males were placed with one female. However, no attempt 
was made to determine what effect tiiis might iiave on the I'ate of 
oviposition. since it was found that mating took place through the 
walls of the cages, tiuis making it diflicnit to obtain accuiate ivcoi'ds 
on pairing. 

A sunnnai'v of the ovi])osition records obtained is ])resented in 
table 1. The rate ])er female ranged from a inininunn of 1 to a max- 
imum of {.lo;;. with an average of 'IfA. This average, however, if. 
abnormally low, owing to the effect of the records obtained from the 
small cages. A more ivliable avei'age of '271 eggs per female was 
calculated from the records obtained in the large individuiil cages. 
Female motiis used in tliese studies were obtained from two sources, 
(1) from larvae reaied in the insectary and (2) from lai'vae col- 
lected in the held. Those from the Held larvae wei'e more jjrolitic. and 
the .l-year avei-age of such individuals is -itt-i eggs per female, as 
compared with •2i)'2 for individuals ivared in capti\ity. 
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liGUitE S.—I,arf;i'   individual  oviposition  cages  used   in  life-history  studies  of 
tile tobacco li(,rnwi;rni. 

TAJil.K   1.—.1 rcnii/c   oripiinitioii   rccorilx   tif   Die   IOIKICCU   liuniiriinii   iiiiihr   i(i(jc 
condition».  Quiney, Fla., l'J,iG-,¡!) 

Year Typ:' of fan-' 

1 
AvcraKC pro- 

Motlis           oviposition 
period 

Average 
oviiM>isition 

period 

Average |>ost- 
oviposition 

period 

Days 

0.6 

0 

1.6 

1.6 

1.9 

1.8 

.\veraKe eiSKS 
per female 

1936  

1937  

1938  

1939  

Small tîroiip 
eaiícs 

1 LarKi- 
individual 
paKes           -   - 

Small uroiip 
caEcs 

{ Larnr 
individual 
caKcs 

Larji*' 
individual 
caites 

ÍLarcc 
1 individual 
[cages  

JV umber 

14 

5 

!) 

42 

43 

Days 

3 8 

2.8 

I.(> 

1.9 

1.6 

1.4 

Dans 

7.« 

(•).4 

4.2 

(i.U 

6.0 

7.4 

Number 

193 

320 

98 

309 

251 

238 

1936-39 . . 164 1.8 6.4 1.5 254.3 

It was found also that females eineioino; early in the season de- 
posited very few ejrjrs, the averafrf incieasin<r to a peak by the latter 
part of June or early in July, and then declininfr throufihout the 
remainder of tlie season. The 8-year averajre for females enier<rinfr 
in May is 255, in June and Julj- 355. and in xVu<rust and -September 
198. These averages are based on the records obtained from females 
which completed their larval development in the Held. It appears, 
therefore, that normally the oviposition rale is about as follows: .Vn 
avera^^e of appro.ximately ¿50 ejif^s i)er female during the early part 
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of tile season, increasing to 350 eggs per female in midseason, and 
decreasing to about 200 eggs per female during the latter part of 
the season, with a seasonal average of approximately 300 eggs per 
female. Tne rate is probably much higher under natural conditions. 
Gilmore (8) says tliat the average for captive females of this species 
in Tennessee Avas about 500 eggs. 

The average preoviposition, oviposition, and postoviposition pe- 
riods are shown also in table 1. The records obtained from the small 
cages are slightly abnormal, but they compare favorably with those 
obtained from the large cages. The averages for the four seasons 
are : Preoviposition period 1.8 days, oviposition period 6.4, and post- 
oviposition period 1.5. 

Previous workers have observed that the majority of the eggs are 
deposited on the under surface of the tobacco leaf, and Alwood (1) 
states that they are nearly always deposited there. To obtain com- 
parative ñgures on the number of eggs deposited on the various parts 
of the tobacco plant and on the upper and lower surfaces of the 
leaves, the position of each egg was recorded. The results are show^i 
in table 2. The ratio of the number of eggs deposited on the under 
surface of the leaf to the number deposited on the upper surface 
is slightly more than 2 to 1, whereas the number deposited on the 
stems of the plants is relatively insignificant. It appears that the 
abnormal leaf development of plants grown in cages was largely 
responsible for the deposition of such a large number of eggs on the 
upper surface of the leaf, as very different results were obtained 
under open-field conditions. 

TABLE 2.—Positions in which eggs of the tobacco hornworm were deposited hy 
females caged tvith growing tobacco plants.   Quincy, Fla., 1936-39 

Eggs deposited in indicated positions 

Year On upper 
surface 

of leaves 

On lower 
surface 

of leaves 

On stems 
of plants 

On cages and 
feeding tins 

Total 

1936 
Number 

6,505 
4,904 
4,198 
2,692 

Number 
16,293 
11,758 
6,377 
7,446 

Number 
117 
83 
10 
9 

Number 
307 
38 
35 
20 

Number 
23,222 

1937  
1938 

16,783 
10,620 

1939_     _       - 10,227 

1936-39  18,299 41,874 219 400 60,852 

OVIPOSITION UNDER FIELD CONDITIONS 

Oviposition studies under field conditions were conducted during 
each of the five growing seasons from 1936 to 1940. The observations 
were made in open fields of tobacco to obtain records under more 
nearly natural conditions than would have been the case if shade 
fields had been utilized for this work. Preliminary observations in 
1936 were carried on in one field only, but in each of the four suc- 
ceeding seasons the number of fields was increased to six. Repre- 
sentative fields were chosen in each instance, and the locations were 
distributed in a rough circle covering 25 to 30 square miles and in- 
cluding a fairly typical section of the area. Egg counts were made 
twice a week in each field. 
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One thousand two hundred and sixty individual tobacco jjlante^ 
were under observation during the period, and 16,288 eggs were 
recorded, or an average of 12.9 eggs per plant (table 3). The number 
of eggs deposited on individual plants ranged from 0 to 74. This 
range, in part at least, is caused by the difference in the oviposition 
stimulus of the plants. In general, the largest and most vigorous 
plants receive the most eggs, and when wide variations in develop- 
ment occur, corresponding variations in the number of eggs deposited 
per plant may be expected. An illustration is furnished by the season 
record obtained at station 3, field 3, in 1938. The plants in this field 
varied greatly in size, owing to poor cultivation, and the total num- 
ber of eggs recorded on each plant at station 3 is as follows : 
Plant No. 

1   .. .. 
NumJjer of eggs 
     0 
     4 

Plant No. 

11 
21 

9 
10 

Number of eggs 
     0 
     0 
      0 

Plant 5 was the largest and most vigorous throughout the season, 
and the other plants varied in size and vigor in accordance with the 
number of eggs recorded from each. 

TABLE 3.—NumJ)er  and position of eggs  of  the  tobacco  hornworm  deposited 
under field conditions.   Quincy, Fla., 1936-40 

Fields 
repre- 
sented 

Plants 
observed 

Eggs 
found 

per plant 
(average) 

Eggs found at indicated positions on plants 

Year On lower 
surface 

of leaves 

On upper 
surface 

of leaves 

On lower 
third of 
plant 

On middle 
third of 
plant 

On upper 
third of 
plant 

1936  
1937  
1938  
1939  
1940  

Number 
1 
6 
6 
6 
6 

Number 
60 

300 
300 
300 
300 

Number 
3.1 
7.8 

15.0 
8.7 

22.0 

Percent 
65 
74 
76 
81 
80 

Percent 
35 
26 
24 
19 
20 

Percent 
9 
5 
5 
5 
2 

Percent 
33 
46 
39 
36 
38 

Percent 
58 
49 
56 
59 
60 

1936-40__._ 25 1,260 12.9 78 22 4 39 57 

Cigar-filler, cigar-binder, and cigarette tobaccos were all included 
at one time or another in the oviposition studies, and an attempt was 
made to determine the relative attractiveness of these types to ovi- 
position as shown by the number of eggs deposited on each. As 
replications of each type could not be obtained at every location, no 
conclusive evidence was obtained on this point. However, the indi- 
cations were that the greatest number of eggs were deposited on 
cigar binder. Apparently this is so because the leaves of this type are 
thicker and more succulent than those of the filler type, and they 
remain in this condition for a longer period than do those of the 
cigarette type. The latter, while at least as attractive as those of the 
binder type during the early part of the season, reach maturity earlier 
and then become dry and unattractive. 

To obtain a more natural record of the relative numbers of eggs 
deposited on the upper and lower surfaces of the tobacco leaf than 
was obtained under cage conditions, the numbers of eggs collected 
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from both surfaces were recorded. The results are shown in table 
3. The ratio of the number of eggs deposited on the lower surface 
of the leaf to the number deposited on the upper surface was nearly 
4 to 1. This record differs from that obtained under cage conditions 
and shows the distribution to be expected on tobacco growing nor- 
mally in the field. Only 7 eggs in all were found on the stems of the 
1,260 plants under observation. This relatively small number shows 
that deposition on the stem of the plant is by chance only. 

To obtain information on the relative numbers of eggs deposited at 
different heights on the tobacco plant, a record was made of those 
deposited on each of the three vertical sections—the bottom, middle, 
and upper thirds. Obviously the sizes of these sections varied with 
the growth of the plant, and the limits of each were determined as 
closely as possible by inspection ever^^ time that counts were made. 
The results obtained by this method are presented in table 3. The 
fewest eggs were deposited on the lower third, the next greater num- 
ber on the middle third, and the most on the upper third. The 
records sliow that the position of deposition varies progressively 
upward with tlie advance of the seasoh. The first eggs are found 
almost exclusively on the lower and middle leaves. A few Aveeks 
later the majority are deposited on the middle leaves, and as the 
season advances most of the eggs are placed on the middle and uppei- 
leaves. The chief factor involved in this variation appears to be the 
progressive upward ripening of the leaves from the bottom to the top 
of the plant. The result is that the greatest number of eggs are 
placed always on the upper third of the plant, since the period of 
maximum egg deposition coincides with the period in which the 
upper leaves are in the most favorable state for oviposition. 

In 1936 groups of 10 tobacco plants each were located in 6 fixed 
stations, 1 in each corner and 2 in the center of the field. The same 
arrangement was employed in each of the succeeding seasons, with 
the exception that only one station was located in the center of each 
field. Since a separate record of the number of eggs collected at each 
station was maintained, it is possible to make a comparison between 
the number of eggs collected at the edges of the fields and the num- 
ber collected at the centers. The results are shown in table 4. The 
difference between the average numbers taken at the two locations is 
so slight that it is concluded that there is little difference between the 
number of eggs deposited near the edges and at the centers of open 
fields of a size ranging from 1 to 3 acres, which is typical of the area. 
During the early part of the season some tendency has been noted 
for the greatest number of eggs to be deposited on the side of the 
field nearest the principal hibernation point, but the distribution 
becomes more uniform as the season advances. A similar comparison 
was possible between corner stations located near w^oods and corner 
stations in the open, although a comparable number were located in 
both situations in 1937 and 1938 only. The average number of eggs 
collected from 19 stations located near woods was 117, as compared 
with an average of 113 collected from 29 stations in the open. Here 
again the difference is too small to be considered significant. 
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TABLE 4.—Relative numbers of eggs of the tobacco hormvorm deposited per 
plant near the edges and at the center of typical open fields of tobacco. 
Quincy, Fla., 1936-40 

Year Eggs near the edges of the fields Eggs at the centers of the fields 

1936  
1937  
1938 

Num,ber 
3.5 
7.5 

15.6 
8.4 

22.7 

Number 
2.2 
9.2 

12 9 
1939  
1940  

9.0 
19.3 

Average  11.3 10 5 

FACTORS AFFECTING OVIPOSITION 

In g-eneral, weather conditions appear to have little effect on ovi- 
position. However, during rainy periods accompanied by a marked 
reduction in temperature an appreciable decrease in the oviposition 
rate has been recorded. 

Many of the tobacco growers in the area maintain that the peak 
of egg deposition may be expected during the period of full moon 
in June, and it is the popular belief that this phenomenon is directly 
associated with the increased intensity of the moonlight at tliat time 
—that is, that moonlight is a direct stimulant to oviposition. Ex- 
periments and general observations were conducted in 1936, 1937, 
and 1938 to determine any possible relationship between the intensity 
and duration of moonlight and the deposition rate. This study was 
rather general, as a number of uncontrolled variants could not be 
eliminated without devoting full attention to this investigation. 
However, no evidence was obtained that would indicate the existence 
of any degree of correlation between moonlight and oviposition. The 
increase in egg deposition observed by the growers apparently is 
coincident with the period mentioned rather than dependent on it. 
In reality several other factors, including greater abundance of adults 
and emergence of females having a greater egg-laying potential, com- 
bine to produce the oviposition peak which occurs at about this time 
each season. 

The fluctuations in oviposition produced by the condition and state 
of maturity of the tobacco plant have already been discussed. 

INCUBATION 

Eggs collected from the oviposition cages were placed on pieces of 
tobacco leaf and held in the insectary for hatching. Each lot of eggs 
was covered with an inverted jelly glass and kept under daily obser- 
vation until hatching was completed. Kecords obtained in this man- 
ner are summarized in table 11 (p. 34). The average incubation 
period was 4.8 days in 1936, 5.2 days in 1937, 4.4 days in 1938, and 
4.9 days m 1939, and the average for the four seasons was 4.9 days. 

RELATIONSHIP OF HUMIDITY AND TEMPERATURE TO LENGTH OF THE 
INCUBATION PERIOD 

The relative humidity in the insectary normallv ranged from 
about 30 to 90 percent every 24 hours during dry weather. There 
usually was a gradual rise during the late afternoon and evening. 
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reacliing the highest point about midnight.and remaining constant 
until about 6 o'clock in the morning. A gi-adual decrease occurred 
from that time onward, reaching the lowest point during the hottest 
part of the day. During wet weather the humidity generally re- 
mained at or near 100 percent continuously. 

The effect of such fluctuations in humidity on the length of the 
incubation period could not be determined, since it was necessary 
to keep the humidity within the jelly-glass egg containers constantly 
near the saturation point to prevent the eggs from desiccating. This 
was accomplished by placing the bits of tobacco leaf bearing the eggs 
on pieces of blotting paper which were moistened with water fre- 
quently. It was found that hatching will occur only under conditions 
of constant high humidity. Garman and Jewett (6) made the same 
observation in the course of their investigations on the life history 
of the tobacco hornworm in Kentucky. Apparently the proper degree 
of moisture is obtained in nature through contact with the leaf of 
the host plant. 

Temperature was found to have an appreciable effect on the length 
of the incubation period. Temperature records were obtained in 
the insectary by means of a hygrothermograph, which was checked 
frequently with a standard thermometer. The relationship between 
temperature and the length of the incubation period in 1936, 1937, 
1938, and 1939 is shown in figures 9 and 10. Each point on the incu- 
bation curve corresponding to a given deposition date represents the 
average length of the incubation period of all eggs deposited on that 
date. Each point on the temperature curve is the mean temperature 
during the average incubation period after the date of deposition. 
As the eggs are deposited at night, the deposition date was excluded 
and the hatching date included in calculating the mean temperature. 
For example, the average incubation period for eggs deposited on 
July 24, 1936, was 4 days, and 86.5° F. is the point on the tempera- 
ture curve for that date. This represents the mean temperature for 
tlie 4-day period from July 25 to July 28, inclusive. In the case of 
fractional averages, the mean temperature was calculated to the near- 
est number of whole days. 

Although there is no great range in the length of the incubation 
period, the curves show that short incubation periods are dependent 
on high temperatures. There is a high degree of correlation between 
the mean temperature and the length of the incubation period in each 
of the four seasons. The correlation coefficients are —0.93 for 1936, 
-0.67 for 1937, -0.81 for 1938, and -0.75 for 1939. These are all 
highly significant. 

HATCHING 

When the larva is ready to emerge from the egg it proceeds to gnaw 
a hole through the side of the shell of sufl&cient size to permit the 
passage of the head capsule, which is much greater in diameter than 
the remainder of the body. After the hole is enlarged sufficiently, 
the larva. emerges head foremost, uncoiling its body slowly as it 
moves out of the shell. Observations indicate that no feeding on the 
eggshell occurs after emergence, although Alwood (1) states that 
such feeding does occur. 
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TEMPERATURE 
'INCUBATION   PERIOD 

I     I     I    I     I ' 

MAY JUNE JUA.Y AUG. 

FIGURE 9.—Incubation period of tlie tobacco hornworm as correlated with tem- 
perature. Each point on the temperature curve for a given date represents 
the mean temperature for the average incubation period of eggs deposited 
on that date.   Quincy, Fla., 1936-37. 
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FIGURE 10.—The incubation period of the tobacco hornworm as correlated with 
temperature. Each point on the temperature curve for a given date represents 
the mean temperature for the average incubation i)eriod of eggs deposited 
on that date.  Quincy, Fla., 1938-39. 
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During the course of these investigations, records were kept on 
the viability of the eggs as determined by the percentage of hatch. 
For comparative purposes, such records were obtained from eggs 
deposited under both cage and field conditions. The results are pre- 
sented in table 5. The total hatch for eggs deposited under cage con- 
ditions was 79 percent, as compared with a total of 95 percent for 
eggs deposited in the field. Thus it is apparent that nearly all the 
eggs deposited under natural conditions must be viable. 

TABLE 5.—Relative viaMUty of eggs of the toMcco Jiornworm deposited under 
cage and field conditions. Quincy, Fla., 1936-39 

Total eggs observed Eggs that hatched 

Year In cages In the field In cages In the field 

1936  
1937  
1938  
1939  

Number 
4,580 
3,825 
2,970 
2,439 

Number 
923 

1,227 
1,402 

626 

Percent 
71 
75 
92 
86 

Percent 
96 
93 
96 
95 

1936-39  13,814 4,178 79 95 

LARVAL STAGE 

Newly hatched larvae eat small, round holes in the surface of the 
tobacco leaf at points considerably removed from the margins, and 
as development progresses they straddle the edges of these holes with 
their true legs and feed on the part thus brought beneath the anterior 
portion of the body. In feeding, the larva reaches as far forward 
as possible and cuts backward toward the legs with shearing motions 
of the mandibles. The larva repeats this operation continuously by 
moving forward around the edge of the hole as often as is neces- 
sary to bring additional leaf surface within reach. Full-grown larvae 
usually feed in the same manner astride the margin of the leaf. In 
all cases the greater part of the body remains concealed beneath the 
underside of the leaf. First instars spin a fine, adhesive thread, which 
prevents them from falling to the ground when they lose their foot- 
ing. In later instars stout hooks on the prolegs hold the larvae firmly 
in place. 

Feeding is almost continuous, except during the molting periods, 
which last about 24 hours. During these periods the larva remains 
quiescent on the under surface of the leaf. In molting, the head 
capsule splits at the point of junction with the thorax, and the larva 
works its way out of the old skin, which it leaves attached to the leaf. 

There is an enormous increase in the amount of food consumed by 
larvae during the successive stadia. This increase is the greatest 
during the fifth or last stadium. Observations made at the Quincy 
laboratory in 1923 show^ the relative areas of leaf surface of cigar- 
wrapper tobacco eaten by larvae of each of the different instars. 
These data are presented in table 6. It may be seen from this table 
that the number of square inches of leaf surface eaten increases 
markedly with each succeeding instar, the amount being about 11 
times as great for the fifth as for the fourth. 
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TABLE 6.—The quantity of cigar-wrapper tohacco consumed dp each instar of the 
tohacco hornworm.   Quincy, Fla,, 1923 ^ 

Area of leaf consumed 

Instar Maximum Minimum Average 

First           .__       _                                 _-_       _           
Square inches 

2.9 
5.7 
7.2 

48.6 
469.2 

Square inches 
0.3 

.4 
2.7 

18.0 
146.7 

Square inches 
0.8 

Second  
Third  

1.5 
5.2 

Fourth  
Fifth  

27.2 
301.0 

First to fifth, inclusive  533.6 168.1 335.7 

1 Data obtained by J. N. Tenhet. The figures represent the average area of leaf surface consumed by 
10 larvae. 

A similar increase in the size of the larva occurs during the devel- 
opmental period. Measurements were made of the length and width 
of the body and the width of the head capsule of larvae reared in 
the insectary. All larvae utilized were killed just prior to molting, 
or after the full size for each instar had been obtained. The measure- 
ments are shown in table 7. It will be noted that the increase in size 
is not directly proportional to the increase in the amount of food 
consumed, particularly in the last two instars. The reason is that 
not all the food is utilized to promote the growth of the larva. A 
large amount of food, especially in the last instar, is stored as body 
fat for utilization in the pupal and adult stages and for the nourish- 
ment of the egg cells in the female. The measurements of the width 
of the head capsule are in agreement w4th Dyar's rule (<5), since the 
increase follows a geometric progression rather closely. 

TABLE 7.—Size of each larval instar of tobacco hornworm reared in the 
insectary.   Quincy, Fla., 19JfO 

Instar 
Larvae measured Average length 

of body 
Average width 

of body 
Average width 
of head capsule 

First        _„       - 
Number 

50 
50 
50 
50 
35 

Mm. 
6.7 

11.2 
23.4 
49.0 
81.3 

Mm. 
0.7 
1.0 
2.4 
5.5 

11.0 

Mm. 
 "   0.8 

Second  
Third  

1.2 
2.0 

Fourth  
Fifth  

3.0 
5.0 

Larvae were reared in a specially constructed insectary in whicli 
the air movement was unrestricted from both ends and one side (fig. 
11). Air movement was further increased by constructing the shelves 
in the form of wooden frames covered with 16-mesh screen wire. 
The larvae were placed first in inverted jelly glasses, and as their 
5ize increased they were transferred to lantern globes covered with 
cheesecloth. There was probably some air movement into and out of 
the containers even while they w^ere resting on the shelves, and this 
helped to keep the larvae in a normal condition. 

The larvae were reared on cigar tobacco exclusively. During the 
early part of the investigations cigar-wrapper tobacco was used, but 
cigar filler and cigar binder were substituted after a short time, since 
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the «ireater thickness und succulence of tlie leaves of these types elimi- 
nated the necessity of placiiifi fresh food into the rearing containers 
as freciuently as had heen necessary when cigar wrapper was used. 
The change in types of tobacco produced no observable ert'ects on 
the length of the larval period. 

Records on the length of the larval period in tiie insectary are 
shown in table 11   (p. ;>4).   The niaxinnun length was 44 days, the 

FiouEE 11.—Insectary used in I'earing larvae of the tobacco honiwonii. A 
number of the jelly-glass and lantern-globe rearing containers are shown on 
tlie shelves. 

minimum 13. and the average 20. Gilmore (8) gives the maximum as 
44 days, tlu- mininunn 14.5. and the average -¿Là, under Tennessee 
conditions, wliich is in close agreement with the above hgures. The 
records given in table U also agree rather closely with those obtained 
in Kentucky by Garman and Jewett (6'). 

The larviie in the insectary were examined daily, and the date of 
molting was determined by the presence of the cast skin and head 
capsule, or by the increase in the size of the head. In this manner 
complete records were obtained on the length of each stadium. Nor- 
mallv live instars occurred, but occasionally a sixth instar was 
recorded.   This condition was reported also by ííilniore (<S'). 

Records on rhe length of life of the larval instars are summarized 
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in table 8. It is interesting to note the increasing length of time re- 
quired for the later instars. This was particularly true of the fifth 
instar, which averaged nearly twice as long as the others. However, 
this is to be expected, since the greatest amount of feeding and growth 
occurs in this instar, as noted. 

TABLE 8.—Average length of life of each larval instar of the tohacco hornworm 
under insectary conditions.   Quincy, Fla., 1986-39 

Obser- First Second Third Fourth Fifth Sixthi 
Year Brood vations instar instar instar instar instar instar 

Number Days Days Days Days Days Days 
ÍFirst  
\ Second 

200 3.8 3.0 3.0 3.8 5.6 5.6 
1936 128 3 4 2 7 2 7 3 1 5.0 

7.2 IThird  57 3.3 2.7 2.4 3.5 
First  121 2.9 2.5 2.8 4.0 8.0 6.0 

1937  i Second  78 2.6 2.3 3.0 4.3 8.0 9.0 
IThird  6 4.0 3.2 2.8 5.2 7.3 
First  145 3.5 3.6 3.8 4.4 6.2 10.0 

38  <^ Second  93 3.1 2.8 3.2 4.8 7.9 6.5 
19 Third  39 2.9 2.5 2.4 3.6 6.0 

First  293 3.8 3.1 3.2 3.8 6.8 
39  <^ Second  80 2.9 2.3 2.6 3.2 5.7 

19 [Third      _ 

All broods  

68 2.9 2.4 2.9 3.9 7.5 

1936-39.___ 1,308 3.4 2.9 3.0 3.9 6.6 5.7 

1 The values for this instar were calculated on the Imsis of the small number of larvae 
that passed through 6 instars. 

RELATIONSHIP OF HUMIDITY AND TEMPERATURE TO LENGTH OF THE 
LARVAL PERIOD 

Larvae in the insectary were exposed to the same general variations 
in humidity as were described in connection with the discussion on the 
i-elationship of tliis factor to tlie length of the incubation period. 
However, the relative humidity within the rearing containers was 
kept near the saturation point during part of the time by the addi- 
tion of fresh tobacco leaf, as was evidenced by the condensation of 
moisture on the inside of the containers. Therefore no accurate record 
of liumidity conditions within the containers is available, but no 
observable effects of any possible fluctuations on the length of the 
larval period were noted. On rare occasions, when driving rains par- 
tially flooded some of the rearing containers on the insectary shelves, 
a few of the larvae were drowned, and under extremely dry condi- 
tions it was necessary to sprinkle the shelves with water to restore 
normal activity. Thus susceptibility to extremely wet or arid condi- 
tions is apparent. An indirect effect of prolonged periods of high 
humidity on the larval period was observed. Such conditions appear 
to favor the prevalence of a bacterial disease which destroys many 
of the larvae and retards development in mild cases. 

The relationship between temperature and the length of the larval 
period is similar to that existing between temperature and the length 
of the incubation period. Data showing this relationship were cal- 
culated by the same method used in the incubation studies—that is, 
the mean temperatures were calculated for the average larval periods 
of each lot of larvae reared. The curves plotted from these data for 
the seasons of 1936, 1937, 1938, and 1939 are shown in fiares 12 
and 13. 
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FIGURE 12.—The larval period of the tobacco hornworm as correlated with the 
temperature. Each point on the temperature curve for a given date repre- 
sents the mean temperature for the average larval period of larvae hatching 
on that date.  Quincy, Fla., 1936-87. 
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FIGURE 13.—The larval period of the tobacco hornworm as correlated with the 
temperature. Each point on the temperature curve for a given date repre- 
sents the mean temperature for the average larval period of larvae hatching 
on that date.   Quiney, Fla., 1938-39. 
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In 1936 the mean temperature for the average larval periods 
ranged from 78.4° to 84.3° F. The average length of the larval period 
ranged from 16.3 to 24.3 days, and this variation is closely related 
to the temperature range. The correlation coefficient is —0.86, which 
is highly significant. 

In 1937 the mean temperature ranged from 74.8° to 80.1° F., but 
in the majority of cases it was close to 79°. In spite of the uniformity 
in mean temperatures, the average larval periods ranged from 18.5 
to 23.0 days. This is attributed to the prevalence in the insectary of 
the bacterial disease mentioned previously, which prolonged the de- 
velopmental period of some of the larvae beyond the limits imposed 
by temperature. The correlation coefficient is —0.61, which is signifi- 
cant. 

In 1938 the mean temperature ranged from 77.7° to 87.8° F., while 
the average larval periods ranged from 16.7 to 27.5 days. The correla- 
tion coefficient is —0.49, which is highly significant. 

In 1939 the mean temperature ranged from 77.8° to 82.3° F., and 
the average larval periods ranged from 16.2 to 23.5 days. The correla- 
tion coefficient is —0.66, which is highly significant. 

The complete data for the four seasons indicate that in general an 
increase of a little more than 1 day in the average length of the 
larval period may be expected with each degree of decrease in the 
mean temperature for the developmental period. With a rise in tem- 
perature, a corresponding drop in the length of the larval period 
should occur. Of course this rule will apply only within the limits 
of normal developmental temperatures. 

LENGTH OF THE LARVAL PERIOD UNDER FIELD CONDITIONS 

To obtain records on the length of the larval period under more 
closely simulated field conditions than were afforded by the insectary, 
it appeared desirable to rear a number of unconfined larvae on to- 
bacco plants in a manner approximating normal developmental con- 
ditions. As such rearing could not be conducted in the open because 
of the activities of natural enemies, it was carried on inside a large, 
cloth-covered cage (fig. 14), in which conditions were comparable 
to those existing within a tobacco shade field. The method followed 
was to divide into two lots a number of larvae emerging on the same 
date from eggs deposited by the same female. One of these lots was 
reared in the insectary; the other was reared simultaneously on 
tobacco plants growing in the cage. In this manner a direct compari- 
son of the lengths of the larval period under both sets of conditions 
was obtained. A number of such comparisons were made during the 
seasons of 1936, 1937, 1938, and 1939, and a summary of the results 
is presented in table 9. It will be noted that the average larval period 
was 3 days shorter in the cage than it was in the insectary. This is 
attributed partly to the higher mean temperature in the cage, since, 
as has already been shown, this factor is closely associated with a 
decrease in the length of the larval period. However, continuous 
access to the host plant was probably an additional factor in this 
case, as in general the temperature differences were not great enough 
to produce the results recorded. 
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1- Kii UK  11.    \.:tinr cage in which tobacco horuworm larvae were reared iiiidci 
.siinuliiliMl  lield <-onditioiis. 

TABLE 9.—Comparative length of the larval period of Ihr lohiicco honnronii 
under inseotary and cage conditione.   Quincy, Fla., 1936-39 

Larvae observed Average larval period 

Year In insectary In outdoor cage In insectary In outdoor cage 

1938 
Number 

75 
13 
38 

110 

Number 
20 
19 
40 
45 

Days 
18 
20 
22 
20 

Days 
ir. 

1937                      15 
1938 17 
1939              _  _  _. 17 

1936-39      236 130 19.7 16.5 

PUPAL STAGE 

After attaining maximum growth the larva ceases to feed; and, 
wlien c'oiifiiu'd, it ciiiwls restlessly about until permitted to enter 
tlie ground. At tliis time the rhytlimic pulsations of the dorsal organ 
are clearly visible tlirough the body integument, probably because 
the accumulation of fat tissue within the body cavity forces the organ 
nearer the epidermis. Though usually negatively geotropic, larvae 
become positively geotropic during this period; and, when free on 
the host i)huit, they descend the stem and burrow into the ground. 
The larvae burrow obliquely into the soil for several inches and 
there construct earthen cells of sufficient size to provide free air space 
around the pupae. According to Gilmore (S) these cells average 
about 1.5 by 3 inches in external measurements. 

Eecords on the depth of pupation of the tobacco hornworm in 
sandy-clay soil representative of tobacco land in the area are pre- 



32 TECHNICAL BULLETIN 896, U. S. DEPT. OF AGRICULTURE 

sented in table 10. These records were obtained by permitting full- 
grown larvae to burrow in undisturbed soil. After the passage of 
sufficient time to insure 100 percent pupation, the soil was carefully 
shaved away vertically with a hand trowel and the depth of each 
pupa measured. The maximum depth was 9.5 inches, the minimum 
1.5, and the average for the seasons of 1936 to 1939, inclusive, was 
5.5. These records are representative of the depth of hibernation, 
since the measurements were made late enough in the season to include 
the majority of individuals which normally would have overwintered. 

TABLE 10.—Depth of pupation of the  tobacco  hornworm in sandy clay soil. 
Quincy, Fla., 1936-39 

Date larvae entered 
soil for pupation Observations 

Depth of pupation 

Year 
Range Average 

1936 ^  
fJune 23-24  
auly7-8_-  
i July 16-17  
iJuly 23 

Number 
141 
114 
108 
241 
172 
98 

132 
366 
119 

Inches 
1.5-7.5 
1.5-8.5 
1.5-8.5 
3.0-9.5 
1.8-9.0 
2.5-9.5 
3.5-9.0 
2.5-9.0 
2.2-8.0 

Inches 
4 0 
4   ■* 

1937-- 
5.3 
6 5 

\July 30 5 8 
1938  |july 11  5 9 

\ August 11 6 2 
1939  [July 7  

\July 28-_. 
5.4 
4   i 

1936-39  1,491 1.5-9.5 5 5 

Pupation begins as soon as the pupal cell is completed, the period 
of transformation between the larval and pupal stages being known 
as the prepupal period. The length of the prepupal period was de- 
termined indirectly by permitting groups of full-grown larvae to 
burrow into the soil within small areas 2i/2 feet square. At different 
intervals these areas were dug up and the numbers of pupae recorded. 
In this manner records were obtained 1, 2, 3, 4, 5, 6, 7, and 8 days 
after larvae entered the soil for pupation. A total of 2,727 records 
were obtained from 1936 to 1939, inclusive, and the percentage of 
pupation from 1 to 8 days was 0, 0, 0.2, 49, 86, 96, 99, and 100, respec- 
tively. This indicates that the prepupal period ranges from 3 to 8 
days and averages between 4 and 5 days. 

All larvae completing development in the insectary were allowed 
to pupate in specially constructed cages, which had previously been 
set in the soil in such a manner that the bottoms were 10 inches below 
the surface. Each cage was divided into 100 compartments, 5 by 5 
inches square (fig. 15), and individual records were kept separate by 
placing only a single larva in each of these compartments. The date 
each individual entered the ground and the daté of emergence of 
the adult were recorded, and from these data the length of time 
between burrowing and emergence was calculated. In this manner 
records on the length of the pupal period were obtained. These 
records which include the length of the prepupal period, are sum- 
marized in table 11 (p. 34). Since individuals emerging the same 
and the following season are included, there is a rather wide varia- 
tion in the length of the period, ranging from a minimum of 14 days 
i o a maximum of 405, with an average of 137. 
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Altlioiifxli tin» iiiaxiimiin pupation ])eri()(l was 405 days for insec- 
larv-i'i'aivd material, a inucii loii<ier luaxiiniini was obtained from 
seasoiial-iiistory |)upation eajies. wliicli were stocked maiidy witii 
larvae collected in the Held. A limited number of records exceeding 
2 years in lenfrtli were obtained from these cairns, the maximum bein<r 
7:58 days. 

riGUKK 1.").—Tyiic of liiKi' used in ohtaiiiiiii; iccords mi ilif lfh};ili ¡A ilii' ]iu|iiil 
period of tlie toloicco horiiworm. Tlie OUKC is rostiii}; on iinc IHIKC sd tlnit 
cMcli of tli<' individual iinimtioM ('clls is visililc. Tlic scrccn-wiri' cover is licinj: 
licid ill   tlic riíílit. 

Records on the percentage of emergence from overwintering pupae 
show that a lai'ge number of individuals survive the hibernation 
period. These records are as follows: ÜKi". îVÎ percent: l!);'),s. -AO per- 
cent; 11)8!». 24 percent; and I!>4(>. 40 percent. This represents the 
survival to be expected when protection from parasites is piovided, 
wliicli is tlie case iinde.- insectary and cage conditions. .Vi)pareiitlv 
cold weather is not a factor in winter mortality, since a higii per- 
centage of survival occurred in 1940 in spite of the unusinilly severe 
winter. 

LENGTH OK DEVELOPMENTAL PERIOD 

The total length of time re(|uire<l for the completion of develop- 
ment under insectary and cage conditions is sln)-.vn in tal)le 11. These 
records, which do not include the preoviposition period, range from 
a maxinuim of 441 days to a minimum of ;58, with an average of lf)2. 
The extremely long hibernation period recorded from tlie'~seasonal- 
iiistory cages indicates that tlie developmental period mav last aj)- 
proximately -2'/^ years in a limited number of cases. 
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TABLEI 11.—Length of stages of development of the totacco hornworm under 
insectary conditions.   Quincy, Fla., 1936-39 

Incubation period Larval period Pupal period 
Total period of 
development 

Year and 
brood Obser- 

vations Range 
Aver- 

age 
Obser- 
vations Range 

Aver- 
age 

Obser- 
vations Range 

Days 

20-386 
22-332 

233-268 

18-342 
19-310 

211-257 

14-393 
18-327 
19-289 

20-405 
18-355 
18-310 

Aver- 
age 

Days 

161 
188 
249 

106 
161 
246 

118 
134 
228 

99 
51 

280 

Range 

Diys 

38-420 
39-363 

250-298 

36-377 
36-362 

247-288 

35-438 
35-364 
35-315 

38-441 
33-387 
36-347 

Aver- 
age 

1936 
First-____ 
Second--- 
Third-__ 

1937 
First  
Second—- 
Third—- 

1938 
First  
Second—- 
Third—_ 

1939 
First  
Second--- 
Th-:rd-__ 

Number 

531 
313 
244 

463 
786 

20 

312 
558 
310 

1,042 
809 
212 

Days 

3-8 
2-6 
3-5 

2-7 
2-8 
5-7 

3-7 
2-6 
2-5 

2-8 
2-7 
2-7 

Days 

5.5 
4.4 
4.3 

4.6 
4.9 
6.0 

4.3 
4.7 
4.2 

5.4 
4.6 
4.4 

Number 

200 
128 
57 

121 
78 

6 

145 
93 
39 

293 
80 
68 

Days 

15-26 
15-25 
14-25 

16-28 
15-44 
21-24 

18-35 
15-31 
14-21 

16-28 
13-25 
16-30 

Days 

20 
17 
19 

20 
20 
22 

22 
22 
17 

21 
17 
20 

Number 

154 
97 
18 

65 
16 
4 

.115 
55 
18 

217 
59 
36 

Days 

186 
209 
273 

131 
186 
274 

144 
161 
249 

125 
73 

304 

1936-39, 
all broods 5,630 2-8 4.9 1,308 13-44 20 854 14-405 137 33-441 162 

LONGEVITY OF ADULTS 

Longevity records, obtained under cage conditions, on a total of 
213 males, range from a minimum of 1 day to a maximum of 19 days, 
with an average of 6.7. Eecords on a total of 17() females, under the 
same environmental conditions, range from a minimum of 1 day to a 
maximum of 20 days, with an average of 8.8. Thus not only 'is the 
maximum life of the female slightly longer, but the average is ap- 
proximately 2 days longer than that of the male. 

SEX RATIO 

An indication of the proportions of the sexes was obtained by 
recording the sex of each individual emerging from the pupation 
cages. The results from 1936 to 1940, inclusive, are presented in table 
12. The sex ratio was 48 percent females. However, as this is prac- 
tically 50 percent, and on the basis of additional evidence obtained 
in the held, it is concluded that the numbers of the sexes are approx- 
imately equal in nature. 

TABLE 12.—Seœ ratio of the tobaeoo hormvorm adults emerging from pupation 
cages.   Quincy, Fla., 1936-JfO 

Year Adult emergence Females 

1936  Number 
370 
869 
493 
454 
281 

Percent 
50 
48 
48 
46 
48 

1937  
1938  
1939_-__  
1940                                                           "'^ 

1936-40  2,467 47.9 
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SEASONAL HISTORY AND ABUNDANCE 

There is considerable confusion in the literature with respect to 
tlie proper meaning of the terms ''brood" and ''generation." There- 
fore, before taking up a discussion of the seasonal history, it appears 
desirable to present a definition of these terms in the sense in which 
they are used in this bulletin. The term "generation" designates all 
the consecutive stages throughout the season, beginning with the egg 
and ending with the adult. Thus the first eggs deposited at the begin- 
ning of the season would start the first generation, and the resulting 
larvae, pupae, and adults would all belong to this generation. The 
term "brood" refers to any stage belonging to a specific generation 
or to an unknown generation. For example, the eggs, larvae, pupae, 
and adults belonging to the first generation are first-brood eggs, 
larvae, pupae, or adults. The first adults of the season, which emerge 
from overwintering pupae, are designated as "spring-brood adults," 
since they do not belong to a specific generation. This follows the 
definitions given by Yothers and Van Leeuwen (32) j who use the 
terminology adopted by the Bureau of Entomology for a number of 
publications on the life history of the codling moth. 

Data on the seasonal history and abundance of the tobacco horn- 
worm were obtained from the life-history studies, cage and moth- 
trap records, and general field observations. In this way more accu- 
rate and comprehensive information was obtained than if the life- 
liistory records had been considered exclusively. 

SEASONAL RANGE 

As has already been stated, the tobacco hornworm spends the 
winter in the pupal stage several inches beneath the surface of the 
soil. A rather long series of records are available on the earliest and 
latest appearances of the three other stages in the southern cigar- 
tobacco district. These records present a general conception of the 
seasonal range of the species in this area. 

The first stage to appear in the spring is the adult, and although 
the records indicate some variation in the date of this occurrence, it 
is generally from the middle to the latter part of April. These moths 
emerge just in time to deposit their eggs on newly transplanted 
tobacco. The last stages recorded in the fall are usually the egg or 
larval stages. These records are obtained around the latter part of 
October or the first of November. The first severe frost of the sea- 
son destroys all individuals remaining in the field. Late-appearing 
adults and larvae are merely stragglers, as there is a sharp decline 
in abundance after about the middle of August, or directly follow- 
ing the harvesting of the tobacco crop. 

NUMBER OF GENERATIONS 

Field observations and life-history data show that there are three 
complete generations and one partial generation each season. Under 
favorable conditions, however, it is possible that the fourth genera- 
tion may be completed by a limited number of individuals. The 
average emergence date of spring-brood adults is about April 20. 
These moths deposit the first-brood eggs, which begin hatching about 
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the end of the month. The larval period at this time of the year 
requires approximately 8 weeks and the pupal period 25 days, so the 
first generation is completed about June 12. The second generation 
requires about 47 days and is completed about August 2. The third 
generation is completed about September 16, thus allowing sufficient 
time for the completion of a fourth generation before the advent of 
cold w^eather. However, the larval period of the fourth generation 
may be prolonged by such factors as scarcity and poor quality of 
food, cool nights, and dry weather, so that normally only the pupal 
stage is reached. Quaintance {22^ p, 158) states that it is possible 
that four generations do occur in Florida. 

Figure 16 is a chart of the seasonal history and abundance. It will 
be noted that some overlapping of generations takes place, thus mak- 
ing it practically impossible to distinguish between broods after the 
passage of the first few weeks of the season. The chart gives the 
approximate normal occurrence and duration of broods, since varia- 
tions of several weeks earlier or later may take place, depending 
on weather. 

SEASONAL ABUNDANCE 

Data on seasonal abundance were obtained from counts of eggs in 
the field, emergence-cage and trap records, and general observations. 

Field counts of eggs during the seasons of 1937, 1988, and 1939 
show that there is a gradual increase in the abundance of eggs from 
the beginning of the season until about the middle of June. There 
is frequentty a slight drop in abundance during the latter part of 
June, followed by another peak about the first or middle of July. 
General observations in neglected tobacco fields and on other host 
plants indicate that ^gg abundance does not remain at a very high 
level after about the first of August. 

Field observations indicate that larval abundance follows about 
the same fluctuations as were recorded for ^gg abundance, although 
obviously the increases and decreases are somewhat later in most 
cases. 

Adult abundance was determined by trapping. A series of six traps 
of the type shown in figure 17 were operated during the seasons of 
1937, 1938, 1939, and 1940. Iso-amyl salicylate was used as the at- 
tractant, and the traps were arranged in a rough circle covering 
approximately 12 square miles near the center of the tobacco district. 
The traps were at least 2 miles apart, and the same locations were 
used each season. 

The trap records agree very closely with the ^gg counts from the 
field. The catch increases gradually from the first of the season to 
the early part of June. After this time there is usually a sharp de- 
cline in the numbers. This may occur during the latter part of June 
or in July, depending upon weather conditions. The drop in abun- 
dance probably indicates a flight interval between the occurrence of 
spring-brood and first-brood adults. Invariably an abrupt reduction 
in numbers occurs sometime between the latter part of July and the 
middle of August, and a gradual decrease takes place thereafter to 
the end of the season. 
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SECOND-BROOD   ADULTS 

THIRD-BROOD EGGS 

THIRD-BROOD  LARVAE 

THIRD-BROOD  PUPAE 

THIRD-BROOD   ADULTS 
FOURTH-BROOD EGGS 
FOURTH-BROOD LARVAE 
FOURTH-BROOD PUPAE 

I     I J i_i 
ooooooooo oooooooooooo ooo 
— csjfO  —   cvifO — cvjio   — cMro—csjro —  ojfO  — cviio   — <viro 

APR. MAY        JUNE     JULY        AUG.      SEPT,     OCT.       NOV. 

FIGURE 16.—The occurrence, duration, number, and abundance of the broodí^ 
of the tobacco horn worm at Quincy, Fla. Depth of figures indicates relative 
abundance. 
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>-'m 
KlouBF. 17.—Typ«' i>l' li'iiii usi'{\ in (Iclciiiiiiinií; the sv.iscniiil .■IIUMKI.IMIC of iidiilli 

(if till' tdllMcrip limiiwollll. 

TIR' «ireutest iiiinil)t'rs of ofíjís ;iii(l hii'vae occur ¡ii tlic Hi-«t iiiid 
second broods. I lie miiiiber in tlie second lirood heiii«»' nearly twice as 
f^reat as in tlie Hfst. Tins is dne to the inci-easinir nnnihei- of adtdts 
and the «ri-eatef e<í}ídayinfr potential existin^r dni'iii<r that part of 
(he season. The third hinod is iisnally nuich smaller than the second, 
and the fourth brood is relatively minute. 
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The principal reason for the sharp decrease in abundance of eggs, 
larvae, and adults after the first of August appears to be the 
marked leduction in the percentage of pupae transforming to adults. 
'I'his was studied in a series of emergence cages which were estab- 
lished eacli season fi'om ID.'iC) to !!»;')!>. inchisive. These cages were 
21/0 feet square ami ;> feet dee]). Tlie sides of the lower half of each 
cage were covered witli screen wire, the u[)i)ei- half with clotii. and 
the .top with a screen-wire cover. The cages were set into the ground 
to a depth corresponding to the section covered with screen wire 
(lig. l.S). At lO-da.v intervals throughout the season, 7;") full-grown 
liirvae were alloweci to ]nipate in the soil within one of these cages. 

t'lGCHK. IS. Kmergoiico cufics used in coiiuectioii witli a study of tlic st-iisoiiiil 
iiliuiKliiiM-c iif the toliiiccd lioniworm. 

In this manner a representative sample was obtained of each brood 
occurring in nature, since the majority of the larvae were collected 
in the Held. The results ai'e shown in Hgure !'.•. The points on the 
curves re])resent the percentages of adults emerging dui-ing the sanu' 
season from larvae which entered the ground foi- pupation on a 
gi\en date. It will l)e noted that reduction in enu'igeuce geiu'rallv 
began with the larval group entering the soil around the middle or 
latter part of .June, and that there was little or no emergence from 
larvae entering the soil after August !). 

It   would  be logical  to expect   that   the decline and  termination 
of adult   emergence are reliited  to ii   reduction  in  temperidiire ami 
rninfall.   However, there is no evidence to show that sni'h ii i-elation 
slii|) exists.   .Motli-lrap records showing the Hnclnntiou in id>nnfl;ince 
of adults during the seasons of lUo7 to 1!)4(), inclusive, in relation 
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40 

30 

20 

10 

O 
60 

^"^ ̂  

\\ 

1936 

I 1 

\ 

1 V 

31       10     20     30 
MAY JUNE 

20    30 
JULY 

19     29 
AUG. 

18    28 
SEPT. 

FIGURE 19.—Seasonal reduction in emergence of adults of the tobacco horn- 
worm. Each point on the curves represents the percentage of adults emerging 
during the same season from larvae which entered the ground for pupation 
on a given date. 
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to temperature and precipitation are presented graphically in fig- 
ures 20-23. 

In 1937 no moths were taken before the 10-day period May 9 to 
19, although rainfall was suiScient to soften the soil for emergence. 
Apparently unusually low temperatures up to about the latter part 
of April were responsible for the delay. Precipitation and tempera- 
ture remained fairly constant until after September 6, with an 
abundance of rainfall during the latter part of August and the 
first of September. Nevertheless, the moth-trap catch dropped 
abruptly after August 17, indicating that a decrease in adult emer- 
gence occurred sometime before that date. 

In 1938 the temperature and rainfall were favorable for early 
emergence and the first record was obtained betAveen March 20 and 30. 
No marked decrease in temperature occurred until after the middle 
of September, and there was plenty of rain throughout almost the 
entire season. In spite of these favorable conditions, however, there 
was a sharp drop in the moth catch beginning on July 28 and con- 
tinuing downward almost in a straight line until about the middle 
of August. 

In 1939 the temperature was not very low, but there was a limited 
amount of rainfall prior to April 18. Under these conditions the 
first moths appeared between April 19 and 29. The temperature 
drop at the end of the season did not begin until about the niid- 
dle of September, while there was plenty of rain up to the first 
of October. However, the moth-trap catch dropped abruptly after 
August 7 and continued downward until September 6, indicating 
that there was little emergence after the middle of August. 

In 1940 emergence apparently was retarded by low temperatures, 
and the first records were not obtained until between May 9 and 
19. There was no marked drop in temperature until about the 
latter part of September, and rainfall was plentiful until Septem- 
ber 10. The final drop in the catch, however, began shortly after 
August 17 and continued until about the first of September. 

It may be seen from these records that while temperature and 
rainfall apparently are important factors in the emergence of adults 
during the early part of the season, they are not related to the 
unseasonable termination of emergence during the latter part of the 
summer and in early fall. Although the cause of the abrupt ter- 
mination of adult emergence is not clear, the result is that there 
is a close synchronization between the seasonal history of the horn- 
worm and the tobacco-growing season. 

NATURAL ENEMIES 

PREDATORS 

A number of insect predators of the tobacco hornworm are re- 
corded in the literature. Gilmore (8) lists Ohrysopa rufildbris Burm. 
and Geocoris punctipes Say as ^gg predators, Ghrysopa rufildbris^ 
Polistes sp., and Calathus opaculus Lee. as larval predators, and 
Megaselia nigriceps (Loew) as a predator of the pupa. None of 
these species are known to occur in the southern cigar-tobacco 
district.  Polistes fuscatus (F.)^ and P, fuscatus var. metricus Say^ 

*^ Determined by G. A. Sandhouse. 
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were the most important predators observed, but it is not known 
whether either of these is the species referred to by Gilmore. Polistes 
fuscatus var. metricus is active mainly during the early part of the 
season and feeds on all larval instars up to the fourth. In a few cases 
it was observed that this predator represented the chief factor in the 
control of horn worms in open ñelds of tobacco. 

A small green spider, Peucetia viridans (Hentz), is an important 
predator, but it is abundant only during the fírst few months of the 
season. It attacks the ^gg and the first three larval instars. A 
small plant bug, Cyrtopeltis varians (Dist.),^ also preys upon the 
eggs and larvae, occasionally attacking the fourth and fifth instars. 
However, it is probably capable of destroying only the ç^gg and first 
three instars. 

A number of common birds, including sparrows, cardinals, mock- 
ingbirds, and blue jays, attack the larvae and have been observed 
to feed freely on pupae and adults when these stages have been 
made available to them. Moths released during the daytime usually 
w^ere captured before they could fly 50 yards. It appears probable 
that the protective coloring, habits of concealment, and nocturnal 
activities of the species may have been developed mainly as a defense 
against the attacks of bird enemies. 

Skunks and moles feed on the pupae, and records have been 
obtained of the destruction of large numbers by these animals. 
Skunks also killed a large number of trapped adults during control 
experiments conducted in 1941. 

PARASITES 

Records obtained at the Quincy laboratory on dipterous parasites 
of the larva of the tobacco hornworm extend back to about 1919. 
These early records indicate that the following species were impor- 
tant: Sarcophaga lambens Wied. (= sternodontis (Towns.)), S, 
sarracenioides Aid., S. rapax Walk., and Sturmia protoparcis 
(Towns.).i^ In the early 1930's Sturmia protoparcis'^'^ was first 
recorded and since that time it apparently has become the dominant 
species. From May 1937 to June 1941, 28 lots of specimens of dip- 
terous parasites reared from the tobacco hornworm or observed 
attacking it in the field were submitted to the Division of Insect 
Identification of this Bureau, in Washington, D. C, for positive 
determination, and all these specimens w^ere identified as Sturmia 
protoparcis.^^ Only one other dipterous parasite, Sarcophaga rapax 
Walk.,11 was reared from the hornworm during this entire period. 

Sturmia protoparcis has been observed in the field from the first 
of May until the latter part of September, but the peak of abundance 
usually is reached during August. The fly deposits minute, whitish, 
elongate-oval eggs on the body of the hornworm larva. These eggs 
are approximately 0.9 mm. long and 0.2 mm. w^ide. They are 
cemented to various parts of the body of the host by lightning- 
like motions of the ovipositor, and they hatch almost immediately. 
In  hatching,  the  larva  emerges  from  the  ^gg through  the  side 

» Determined by H. G. Barber. 
Ï0 The late J. M. Aldrich determined this as Sturmia distincta (Wied.), but it has been 

found that the S. distincta of American authors is not the true distincta of Wiedemann 
" Determinations by D. G. Hall. 
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attached to the body of the host and burrows directly into the host 
integument. The horn worm hirva uses its mouth parts in attempting 
to dislodge all eggs deposited on accessible portions of its body, 
and observations indicate that the parasite is unable to penetrate 
the epidermis of the host if such attempts are successful, although 
emergence from the egg takes place. Evidently it is only when 
the egg is anchored ñrmlyto the body wall of the host that the 
parasite obtains the necessary mechanical advantage to carry on its 
burrowing activities. 

Usually only Hfth-instar larvae are attacked, and these larvae are 
capable of completing their development and burrowing into the 
soil for pupation. The parasite completes its development within 
the body of the host and emerges from the ground as an adult. 

Third- and fourth-brood larvae of the tobacco hornworm gener- 
ally are parasitized rather heavily by Sturmia protoparcis^ and this 
causes an appreciable reduction in the number of spring-brood adults 
emerging the following season. 

The small braconid wasp Apanteles congregatus (Say) is con- 
sidered one of the most important parasites of the tobacco horn- 
worm, and Gilmore {9) states that Protoparce sexta is the preferred 
host. However, few records of parasitization by this species have 
been obtained in the Southern cigar-tobacco district, except possibly 
by Quaintance {22)^ who states that it is an important enemy of 
the hornworm in Florida. Thousands of hornworm larvae were 
collected in the field during the period 1936 to 1939, but only three 
records of parasitization by Apanteles were obtained. 

The reason for such a scarcity of this parasite in the area is not 
clear. Marcovitch and Stanley {20^ p. 5) state that its activities 
are hampered by the sticky gums on tobacco leaves, and, according 
to Gilmore (P), although parasitization was heavy on larvae feed- 
ing on tomatoes, there was practically no possibility for Apanteles 
to complete its development on larvae reared on dark-fired tobacco. 
This might offer an explanation for the scarcity of Apanteles in 
the southern cigar-tobacco district, since the early records of the 
Quincy laboratory indicate that parasitization of larvae collected 
from jimsonweed {Datura spp.) or tomato was not uncommon. 
However, two of the records between 1936 and 1939 were obtained 
from larvae feeding on tobacco, and observation and collection of 
larvae on jimsonweed and tomato failed to show any increase in 
the incidence of parasitization by Apanteles. A record of hyper- 
parasitization by Hypopteromalus tabacum (Fitch) w^as obtained in 
1926, but since no further records have been obtained it is apparent 
that this is not the cause of the scarcity of Apanteles. It is evident 
that certain factors are in operation which tend to prevent the 
establishment of Apanteles in the area, although the identity of these 
factors still remains to be determined. 

A record of an egg parasite of the tobacco hornworm was obtained 
at the Quincy laboratory in 1917 by F. L. McDonnough. Twelve 
small parasites, tentatively identified as serphids, issued from an 
egg collected on jimsonweed {Datura stramonium). The specimens 
were sent to Washington for determination, but unfortunately were 
lost in transit. The species apparently was unable to establish itself, 
as no egg parasites have been recorded since that time. 



48 TECHNICAL  BULLETIN 896,  U. S. DEPT. OF AGRICULTURE 

Gilmore (8) lists Telenomus nigriscapus Ashm., Trichogramma 
minutum Riley, and Telenomus sphingis Ashm. ( == monilicornis 
Ashm.) as ç^gg parasites; Sturmia incompta (V. d. W.), S, proto- 
parcis (Towns.), Sarcophaga rapax Walk., Winthemia quadripustu- 
lata (F.), Garcelia amplexa Coq., Euplectrus plathypenae Howard, 
and Apanteles congregatus (Say) as larval parasites; and Sturmia 
protoparcis (Towns.), Winthemia quadripustulata (F.), and Sar- 
cophaga spp. as parasites of the pupa, although it is doubtful whether 
the last three sj)ecies ever actually parasitize the horn worm in tlie 
pupal stage. 

DISEASE 

A bacterial disease of the larva of the tobacco hornworm usually 
is present in the field during the latter part of the tobacco-growing 
season. The symptoms of this disease agree in general with those of 
hornworm septicemia, which is caused by Bacillus sphingidis White. 
These symptoms are described by White {30). There are, however, 
a number of similar organisms in the bacterial group causing diseases 
of this type, and the causal organism may not be the same in this 
case. Cultures from diseased larvae were sent to White for identi- 
fication of the organism, and the foUoAving report was received: 
"Examination of the culture of tube No. 2 shows it to be a bacillus 
of the septicemia group. The species of this group are very closely 
related and are not readily distinguished. The disease is apparently 
hornworm septicemia . . ." ^^ 

Larvae affected by the disease lose their appetites, and the drop- 
pings become watery and dirty white. The turgidity of the body 
often is lost, and the larva becomes ñabby. The bodies of dead 
specimens turn brown and then black, and the skin stretches so that 
the body often attains twice its normal length. Dead larvae usually 
hang head downward from the under side of the tobacco leaf 
(fig. 24). 

The disease appears about the first of June and increases rapidly 
during the hottest weather, reaching a peak in August. The increase 
seems to be favored by frequent rains, since hot, humid weather 
provides optimum conditions for the development of the causal 
organism. After the first of September the disease disappears. This 
is probably because of the slightly cooler and drier weather. 

During the 1938 season, 45 affected larvae were studied rather 
closely in the insectary. Most of these larvae w^ere of the fourth or 
fifth instar. They were provided with fresh food and examined twice 
daily until death occurred. In all cases the characteristic symptoms 
were noted. The average period of survival w^as 2.6 days, with a 
minimum of a fraction of a day and a maximum of 9 days. Two 
individuals completed development and entered the ground for 
pupation, one later emerging as an adult male. This male was only 
about one-half normal size but seemed active and lived several days. 
It appears, therefore, that some individuals may survive even severe 
attacks, and probably many mild cases exhibit no outward indica- 
tions other than an abnormal lengthening of the developmental 
period. 

12 Extract from a letter received from G. F. White through W. H. White, October 16, 
1986. 
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Altlioiifíli the disease was very prevalent iiiidei' caire and iiisectary 
coiiditioiis. tliis was not often tlie case in tlie lield. Tiius its valne 
ill control is questionable.   'I'lie method of t lansniission is unknown. 

I'ldCiiK 1.'4.—I.jirva   of   tlii'   toliacco   liiiruwiinii   Uillcil   liv   iKiruwdi'iii   sciilii-ciiiiii. 

In «reneral. natural enemies of the toliacco hoiiiworm are of little 
direct importa nee in I he control of t iiis pest on <'i;rar tohacco. iiecaiise 
of the nature of the crop, severe damaji'e will ha\t> occurred hefore 
control l)y natural enemies could he obtained. However, natural 
eiu'inies are of nnich value indirectly, in that they serve as a liiidtinj: 
factor to tlie honnvorni poi)u]ation  in the area. 
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